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PREPARATION OF ELECTROLESS DEPOSITION SOLUTIONS 



BACKGROUND 

Field 

[0001] An embodiment of the invention relates to a solution for use in an 

electroless deposition process and to methods of preparing and using the solution. 

Background Information 

[0002] Electroless deposition processes are widely used to deposit metals on 

surfaces. In an electroless deposition process a substrate or workpiece object having a 
surface to be coated may be introduced into a bath containing an electroless deposition 
solution. The solution often contains a soluble metal salt and a reducing agent, and may 
contain other chemical additives, such as complexing agents, buffers, bath stabilizers, and 
rate promoters. 

[0003] Once introduced into the bath, metal is deposited on the surface based on 

an electroless deposition process. In a representative electroless deposition process an 
oxidation-reduction (redox) reaction occurs in which an oxidation number of metal ions 
of the metal salt are reduced while an oxidation number of the reducing agent is 
increased. The reaction often proceeds as an autocatalytic, or continuing by itself, 
chemical reduction at catalytically active sites of the surface. The reaction generally 
converts the metal ions into a non-ionic metallic state deposited on the surface. 

[0004] Potential advantages of such an electroless deposition process include 

uniform layer thickness and ability to deposit metal layers on irregular shaped objects 
including in holes, recesses, narrow trenches, and other high aspect ratio structures. For 
these and other reasons, electroless depositions are used widely in industry to form 
interconnect structures for microelectronic devices, reflective layers for mirrors, metallic 
coatings for micro-electromechanical devices (MEMS), and more generally to provide 
metallic layers for workpiece objects such as manufactured parts. 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

[0005] The invention may best be understood by referring to the following 

description and accompanying drawings that are used to illustrate embodiments of the 
invention. In the drawings: 

[0006] Figure 1 is a flow diagram of a method for preparing an electroless 

deposition solution and using the solution to perform an electroless deposition, according 
to one embodiment of the invention. 

[0007] Figure 2 is a block diagram of a system for preparing an electroless 

deposition solution, according to one embodiment of the invention. 

[0008] Figure 3 is a plot of spectroscopic absorption data for an electroless 

deposition solution versus solution age, according to one embodiment of the invention. 
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DETAILED DESCRIPTION 

[0009] Disclosed herein are solutions for use in an electroless deposition process, 

and methods for preparing and using the solutions. In the following description, 
numerous specific details are set forth. However, it is understood that embodiments of 
the invention may be practiced without these specific details. In other instances, well- 
known circuits, structures and techniques have not been shown in detail in order not to 
obscure the understanding of this description. 

I. INTRODUCTION 

[0010] The inventors have discovered that the characteristics and quality of an 

electroless deposition solution may change or degrade over time. The color of the 
solution may change significantly over a period of time ranging from several days to a 
week. Miniature particles may form in the solutions over the same time period. Without 
wishing to be bound by theory it is believed that the changes are a result of complex- 
formation reactions that occur in the solutions. In any event, the gradual and 
uncontrolled change of an electroless deposition solution is generally undesirable. It is 
not surprising that in precision applications, such as forming interconnect structures in 
microelectronic devices, uncontrolled changes in the solution chemistry and characteristic 
may be problematic. The characteristics of the electroless deposition process may have a 
significant impact on the operation of the electroless deposition process, and ultimately 
on the final product, and changes in the solution characteristics are generally undesirable. 
In the case of forming interconnect structures, particles are generally to be avoided. In 
some cases the solution may change so much that it becomes unusable and needs to be 
disposed of, potentially as a regulated hazardous material. This may increase the overall 
cost of performing the deposition. 
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II. PREPARING AND USING ELECTROLESS DEPOSITION SOLUTIONS 

[0011] Figure 1 is a flow diagram of a method 100 for preparing and using an 

electroless deposition solution, according to one embodiment of the invention. The 
method includes preparing at least one or a plurality of incomplete electroless deposition 
solutions, each containing a subset of a group consisting of a metal ion, a complexing 
agent, an ammonium salt, and a strong base, at block 110. The incomplete electroless 
deposition solution or solutions omit at least one component of the group. Next, the 
incomplete electroless deposition solution is stored, at block 120. The solution may be 
stored for a period of time in a range between approximately 2 to 60 days, or longer. 
Then, often nearer to an intended time of use in an electroless deposition, the incomplete 
electroless deposition solution is used to form a complete electroless deposition solution 
that contains the entire group, at block 130. The at least one omitted component, and 
typically a reducing agent may be introduced into the incomplete electroless deposition 
solution. Next, the completed electroless deposition solution is used to perform an 
electroless deposition, at block 140. 

[0012] The inventors have discovered that preparing the incomplete electroless 

deposition solution may help to stop, or at least slow, transformations or reactions that 
would otherwise occur in a solution containing the entire group. Again, without wishing 
to be bound by theory, it is believed that complex-formation reactions may occur in a 
solution containing the entire group (the metal ion, the complexing agent, the ammonium 
salt, and the strong base). Experiments by the inventors indicate that omitting one or 
more of the components of the group may help to stop, or at least slow, the complex- 
formation reactions. Complete omission is not required. Trace amounts, or even amounts 
about 1 up to about 10% of the final amount may be tolerated, although some increased 
level of transformation may be expected. 

[0013] Then, nearer to an intended time of use of the electroless deposition 

solution, the omitted component may be introduced into the at least one prepared 
incomplete electroless deposition solution. In this way the completion of the group in a 
single solution is delayed, relative to formation of the initial incomplete electroless 



Attorney Docket No. 42P16768 5 
Express Mail Label No. EV 331619295 US 



deposition solution. Such approaches may be used advantageously to increase the 
stability and shelf life of electroless deposition solutions, so that they may be stored for 
prolonged periods, while maintaining consistent operational characteristics. 

[0014] Referring again to Figure 1, in preparing the incomplete electroless 

deposition solution, suitable metal ions include but are not limited to transition metal 
ions, such as cobalt ions, nickel ions, and iron ions, and refractory metal ions, such as 
tungsten ions, molybdenum ions, niobium ions, and tantalum ions. As is known, metals 
are often alloyed by electroless deposition to improve thermal and other characteristics. 
Accordingly mixtures or combinations of metal ions may also optionally be employed to 
form electrolessly deposited alloys, such as cobalt-tungsten (CoW) alloys, nickel- 
tungsten (NiW) alloys, or other alloys. The metal ions may be introduced into the 
solution by adding a metal-containing compound, such as a metal salt. Exemplary metal 
salts include, but are not limited to, salts of cobalt, such as cobalt chloride (e.g., 
C0CI2 6H2O) or cobalt sulfate, salts of nickel, such as nickel chloride, salts of tungsten, 
salts of rhenium, and other salts that are well-known in the arts. The metal salts may be 
added in an amount that is sufficient to give a concentration of metal ions that is in a 
range between approximately 0.05-0.5 mol/L or between approximately 0.1-0.2 mol/L. 
The invention is not limited to these particular concentrations. Virtually any 
concentration employed in conventional electroless deposition solutions may be suitable. 

[0015] Complexing agents that are suitable for such metal ions include, but are 

not limited to, carboxylic acids, ethylenediamine, glycine, EDTA, and combinations 
thereof. Exemplary carboxylic acids that are suitable include, but are not limited to, citric 
acid, malonic acid, succinic acid, propionic acid, and acetic acid. The complexing agent 
may be employed at a concentration in a range between approximately 0.1-0.6 mol/L or 
between approximately 0.3 to 0.4 mol/L. Alternatively, virtually any other concentration 
conventionally employed in electroless deposition solutions may be used. 

[0016] Ammonium salts are often employed in the electroless deposition solution 

as alkaline metal free weak acid agents to adjust or buffer the solution pH. Suitable 
ammonium salts include, but are not limited to, ammonium halides, ammonium 
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carboxylates, ammonium sulfates, and combinations thereof. Exemplary ammonium 
halides include, but are not limited to, ammonium fluoride (NH4F), ammonium chloride 
(NH4CI), ammonium bromide (NHtBr), ammonium iodide (NH4I), and alkylammonium 
halides. Exemplary alkylammonium halides include, but are not limited to, 
tetraalkylammonium halides, such as tetramethylammonium chloride ((CH3)4NC1), and 
other polyalkylammonium halides. Lower alkyl groups with between 1 to 2 or 1 to 4 
carbon atoms may be appropriate. Exemplary ammonium carboxylates include, but are 
not limited to, ammonium citrate, ammonium malonate, ammonium succinate, 
ammonium propionate, ammonium acetate, and alkylammonium carboxylates. 
Exemplary alkylammonium carboxylates include, but are not limited to, 
tetralkylammonium carboxylates, such as tetramethylammonium citrate, and other 
polyalkylammonium carboxylates. Exemplary ammonium sulfates include, but are not 
limited to, ammonium sulfate ((NHLO2SO4) and alkylammonium sulfates, such as 
tetramethylammonium sulfate, or other polyalkylammonium sulfates. The ammonium 
salt may be employed at a concentration in a range between approximately 0.5 to 1.5 
mol/L or between approximately 0.9 to 1.1 mol/L. Alternatively virtually any other 
concentration conventionally employed in electroless deposition solutions may be used. 

[0017] Strong bases that are suitable as pH adjusters include, but are not limited 

to, alkaline metal free hydroxides, such as alkylammonium hydroxides, as well as 
alkaline metal hydroxides, such as sodium hydroxide (NaOH) and potassium hydroxide 
(KOH), and combinations thereof. Suitable alkylammonium hydroxides include 
tetraalkylammonium hydroxides and other polyalkylammonium hydroxides. Exemplary 
tetralkylammonium hydroxides include, but are not limited to, tetramethylammonium 
hydroxide (TMAH, (CH 3 ) 4 NOH), tetraethylammonium hydroxide (TEAH), 
tetrapropylammonium hydroxide (TP AH), and tetrabutylammonium hydroxide (TBAH). 
The use of lower alkyl groups having a number of carbon atoms in a range between 1 to 2 
or 1 to 4 may be appropriate. The strong bases may be employed in amounts that are 
sufficient to adjust a pH of the electroless deposition solution to an appropriate value. 
Some electroless depositions are performed under acidic conditions (pH < 7) whereas 
others are performed under alkaline or basic conditions (pH > 7). Depending upon the 
particular electroless deposition the strong base may be added in an amount sufficient to 
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adjust the pH of the electroless deposition solution to a value in a range of about 3 to 14, 
about 7 to 12, about 9 to 1 1, or about 10. 

[0018] Other chemical additives may optionally be employed in the incomplete 

electroless deposition solution. Exemplary chemical additives include, but are not 
limited to, bath stabilizers, rate promoters, surfactants, and the like. These components, 
if desired, may be employed at conventional concentrations. 

[0019] According to one embodiment of the invention, preparing the incomplete 

electroless deposition solution, at block 110, may include preparing a solution containing 
a metal ion, a complexing agent, an ammonium salt, potentially other chemical additives, 
and omitting a strong base 

Example 1 

[0020] This example demonstrates how to prepare an incomplete electroless 

deposition solution containing a metal ion, a complexing agent for the metal ion, an 
ammonium salt, and omitting a strong base, according to one embodiment of the 
invention. Approximately 60 to 80 grams of anhydrous citric acid (CeHgCh) were added 
to approximately one-half liter of water to form a citric acid solution. Then 
approximately 30 to 40 grams of hexahydrate cobalt chloride (CoCl 2 -6H 2 0) crystals were 
added to the resultant citric acid solution. The hydrated cobalt chloride was dissolved to 
form cobalt ions. Usually concurrently with the dissolution the citric acid begins to 
complex the cobalt ions to help maintain them in solution. Next approximately 50 to 60 
grams of solid ammonium chloride (NH4CI) crystals were added to the resultant metal 
ion containing solution and dissolved. The invention is not limited to these particular 
concentrations and virtually any concentration employed in conventional electroless 
deposition solutions may be suitable. The above-identified starting materials are 
commercially available from numerous sources, including from Sigma-Aldrich Co. of St. 
Louis, Missouri. Notice that a strong base such as tetramethylammonium hydroxide 
(TMAH) was intentionally omitted from the incomplete electroless deposition solution of 
this example. It is to be understood that this example is merely illustrative. 
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[0021] According to another embodiment of the invention, preparing the 

incomplete electroless deposition solution at block 110 may include preparing a solution 
containing a metal ion, a complexing agent, a strong base, and potentially other chemical 
additives, and omitting an ammonium salt. 

Example 2 

[0022] This example demonstrates how to prepare a solution containing a metal 

ion, a complexing agent, a strong base, and omitting an ammonium salt, according to one 
embodiment of the invention. Approximately 60 to 80 grams of anhydrous citric acid 
(C6H 8 0 7 ) were added to approximately one-half liter of water to form a citric acid 
solution. Then approximately 30 to 40 grams of hexahydrate cobalt chloride 
(CoCl 2 -6H 2 0) crystals were added to the resultant citric acid solution. The hydrated 
cobalt chloride was dissolved to form cobalt ions. Usually concurrently with the 
dissolution the citric acid begins to complex the cobalt ions to help maintain them in 
solution. A sufficient amount of a 25wt% solution of tetramethylammonium hydroxide 
(TMAH) in water was added to the first solution to give a pH in a range between 
approximately 7 to 12, or about 9-11, or about 10. Such solutions are commercially 
available and also may be prepared by introducing, for example dissolving, an 
appropriate proportion of solid pentahydrate tetramethylammonium hydroxide in a 
corresponding proportion of water. This particular concentration is not required but for 
this solution the inventors added between 300 to 500 ml/L of the 25wt% TMAH solution 
slowly until the resultant solution achieved the desired pH. The invention is not limited 
to these particular concentrations and virtually any concentration employed in 
conventional electroless deposition solutions may be suitable. The above-identified 
starting materials are commercially available from numerous sources, including from 
Sigma- Aldrich Co. of St. Louis, Missouri. Notice that an ammonium salt such as 
ammonium chloride was intentionally omitted from the incomplete electroless deposition 
solution of this example. It is to be understood that this example is merely illustrative. 

[0023] According to yet another embodiment of the invention, preparing the 

incomplete electroless deposition solution at block 110 may include preparing a solution 
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containing a strong base and an ammonium salt and omitting a metal ion and a 
complexing agent for the metal ion. Other embodiments are contemplated. 

[0024] Such preparation of an incomplete electroless deposition solution, 

omitting one or more components of the group consisting of the metal ion, the 
complexing agent, the ammonium salt, and the strong base, may help to stop, or at least 
slow, reactions or other transformations that would occur in a solution containing the 
entire group. The inventors contemplate that such approaches may be used 
advantageously to increase the stability and shelf life of electroless deposition solutions 
so that they may be stored for prolonged periods while maintaining consistent operational 
characteristics. 

[0025] Referring again to Figure 1, the at least one incomplete electroless 

deposition solution may be stored for a period of time up to, or in a range between, 
approximately 2 to 60 days, or longer, at block 120. Since the stored solution contains 
only a subset of the group, and omits at least one group component, the inventors have 
found that chemical transformations of the solution during the storage period is stopped, 
or at least significantly slowed, relative to chemical transformations that would occur in a 
solution containing the entire group (omitting no group components). As a result, the 
solution may be stored for longer periods of time with relatively less changes, for 
example in terms of redox characteristics, color change, and particle formation, than 
would be expected for storage of a solution containing the entire group. 

[0026] The ability to store a solution may offer a number of potential advantages. 

On the one hand, relatively large quantities of a solution may be prepared for efficiency. 
These solutions may be stored and then subsequently used in smaller portions as needed 
by the electroless deposition process. On the other hand, the solution preparation may be 
sourced to another entity, such as a bulk chemical supplier. An ability to store the 
solution over such periods of time without inappropriate amounts of transformation also 
may facilitate inventory maintenance and avoid a potentially costly process shutdown due 
to running out of solution or excessively transformed solution. Accordingly the inventors 



Attorney Docket No. 42P16768 10 
Express Mail Label No. EV 331619295 US 



contemplate that the systems and methods disclosed herein may greatly advance the state 
of the electroless deposition arts. 

[0027] Then, nearer to an intended time of use of the electroless deposition 

solution, the omitted component may be introduced into the at least one prepared 
incomplete electroless deposition solution. Referring again to Figure 1, after the desired 
storage period, the incomplete electroless deposition solution may be used to form a 
complete electroless deposition solution, at block 130. Generally within about 1 minute 
to 1 hour prior to an intended time of use of the electroless deposition solution in a 
deposition process, the electroless deposition solution maybe provided from storage and 
the one or more omitted group components maybe introduced into the incomplete 
solution. Often one or more solutions collectively containing the one or more omitted 
components may be combined with the incomplete electroless deposition solution, 
although this is not required, and solid or other forms of the omitted components may 
optionally be employed. As one example, if the incomplete electroless deposition 
solution omits the strong base, then a solution containing the strong base may be 
combined with the incomplete electroless deposition solution. Alternatively, as another 
example, if the incomplete electroless deposition solution omits the ammonium salt, then 
crystals of an ammonium salt, such as ammonium chloride, may be dissolved in the 
incomplete electroless deposition solution. In this way the completion of the group in a 
single solution is delayed relative to formation of the initial incomplete electroless 
deposition solution. The resultant solution containing the entire group is sometimes 
referred to in the arts as an electroless electrolyte solution. 

Example 3 

[0028] This example demonstrates how to use the solution of Example 1 to form 

an electroless deposition solution containing a complete group of components, according 
to one embodiment of the invention. After storing the solution of Example 1 for any 
desired period of time, such as a period between 2 to 60 days, or longer, 
tetramethylammonium hydroxide is introduced into the first solution. A sufficient 
amount of a 25wt% solution of tetramethylammonium hydroxide (TMAH) in water was 
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added to the first solution to give a pH in a range between approximately 7 to 12, or 
about 9-11, or about 10. Such solutions are commercially available and also may be 
prepared by introducing, for example dissolving, an appropriate proportion of solid 
pentahydrate tetramethylammonium hydroxide in a corresponding proportion of water. 
This particular concentration is not required but for this solution the inventors added 
between 300 to 500 ml/L of the 25wt% TMAH solution slowly until the resultant solution 
achieved the desired pH. The resultant completed electroless electrolyte solution has a 
metal ion concentration in a range of approximately 0.1 to 0.15 mol/L, a citric acid 
concentration in a range of approximately 0.3 to 0.4 mol/L, an ammonium chloride 
concentration in a range of approximately 0.9 to 1.1 mol/L, and a pH in a range of 
approximately 9 to 1 1. It is to be understood that this example is merely illustrative. 

Example 4 

[0029] This example demonstrates how to use the solution of Example 2 to form 

an electroless deposition solution containing a complete group, according to one 
embodiment of the invention. After storing the solution of Example 2 for any desired 
period of time, such as a period between 2 to 60 days, or longer, an ammonium salt was 
introduced into the solution of Example 2. Approximately 50 to 60 grams of solid 
ammonium chloride (NH4CI) crystals were added to the resultant metal ion containing 
solution and dissolved. This particular amount is not required. A weak aqueous solution 
of the ammonium chloride may alternatively be employed. The resultant completed 
electroless electrolyte solution has a metal ion concentration in a range of approximately 
0.1 to 0.15 mol/L, a citric acid concentration in a range of approximately 0.3 to 0.4 
mol/L, an ammonium chloride concentration in a range of approximately 0.9 to 1.1 
mol/L, and a pH in a range of approximately 9 to 11. It is to be understood that this 
example is merely illustrative. 

[0030] A reducing agent is generally added to the electrolyte solution to complete 

the formation of the electroless deposition solution. The addition of the reducing agent is 
often timed to coincide closely with the actual time of use of the solution, in order to 
avoid significant chemical reaction prior to use in the deposition process. The 
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introduction of the reducing agent may be substantially simultaneous with the addition of 
the one or more omitted components, or may slightly lag the introduction of the one or 
more omitted components. Exemplary reducing agents used commonly in the electroless 
deposition arts include, but are not limited to, dimethylamine borane (DMAB), 
borohydride, hypophosphite, glyoxylic acid, formaldehyde, and combinations thereof. 

[0031] Referring again to Figure 1, the completed electroless deposition solution 

containing the entire group, and the reducing agent, may be used to perform an 
electroless deposition. The completed electroless deposition solution may be introduced 
into a bath. Then a substrate or workpiece object, such as a substrate having an 
interconnect trench or via, having one or more surfaces to be coated, may be introduced 
into the bath. Once introduced into the bath, metal maybe deposited on the surface based 
on an electroless deposition process. In a representative electroless deposition process, 
an oxidation-reduction (redox) reaction occurs in which an oxidation number of metal 
ions of the metal salt are reduced while an oxidation number of the reducing agent is 
increased. The reaction often proceeds as an autocatalytic, or continuing by itself, 
chemical reduction at catalytically active sites of the surface. The reaction generally 
converts the metal ions into a non-ionic metallic state deposited on the surface. 

[0032] In one embodiment of the invention the electroless deposition process is 

used to form at least a portion of an interconnect structure for a microelectronic device, 
such as an interconnect line filling an interconnect trench, or a via filling a window. 
Microelectronic devices, in one embodiment microprocessors, containing the 
interconnect structures may be incorporated in various forms electrical systems including 
computer systems (e.g., portable, laptop, desktop, server, mainframe, etc.). As is known 
such a computer system may include a microprocessor to process data, a bus to 
communicate data, a main memory to store data, a read only memory to store data, a 
mass storage device to store data, a display device to display data, a keyboard to enter 
data, a cursor control device to enter data, and a communication device to link to other 
electrical systems. Optional components employed in some computer systems — but not 
all computer systems - include DRAM memory or SRAM memory, graphics controllers, 
video cards, transceivers, and the like. 
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III. SYSTEM TO PREPARE ELECTROLESS DEPOSITION SOLUTIONS 



[0033] Figure 2 is a block diagram of a system 200 to prepare an electroless 

deposition solution for use in an electroless deposition process, according to one 
embodiment of the invention. The system includes a source 205 to contain, store, and 
provide an incomplete electroless deposition solution. The source of the incomplete 
solution may include a vessel, such as a tank, drum, or cylinder. In one example, the 
source may contain a solution containing a metal ion, a complexing agent, an ammonium 
salt, potentially other chemical additives, and omitting a strong base. The source may 
store a quantity of the incomplete electroless deposition solution for a period of time up 
to or between approximately 2 to 60 days, or longer. In one aspect the quantity of the 
solution may be received from a bulk chemical supplier and stored. Then, nearer to an 
intended time of use of the electroless deposition solution in an electroless deposition 
process 235, usually between a minute to an hour before such use, at least a portion of the 
incomplete electroless deposition solution may be provided from its source to a fluid 
combining device, such as a component introduction tee 215, via an incomplete 
electroless deposition solution supply line 206. Other suitable fluid combining devices 
include other manifolds, vessels, stored tanks, inline mixers and the like. Gravity flow, a 
pump, or another fluid conveyance device may be used to provide the solution from the 
first source to the component introduction tee. 

[0034] The system also includes a source 210 to contain, potentially store, and 

provide one or more group components that are omitted from the incomplete electroless 
deposition solution. In the illustrated embodiment, the components may be provided by 
way of a solution to facilitate metering and conveyance, although this is not required, and 
alternatively the components may be in solid or other form. In one example, the source 
of the one or more omitted components may contain a solution of a strong base. Often, 
the source may store the solution of the omitted component for a period of time up to or 
between approximately 2 to 60 days, or longer. Then, often at a time proximate to when 
the incomplete electroless deposition solution is provided from the source, such as within 
a few seconds, an appropriate corresponding proportion of the solution containing the one 
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or more omitted components may be provided from the source to the component 
introduction tee 215 via a component supply line 211. 

[0035] The component introduction tee 215 is coupled with both the sources via 

the intervening supply lines and serves as a fluid combining device to combine the 
introduced fluids. The tee receives the incomplete electroless deposition solution and the 
solution containing the one or more omitted components, combines them, often mixes 
them, and provides them through an outlet opening thereof an electroless electrolyte 
solution supply line 216. 

[0036] An optional analysis system 220, such as a spectrometer, is shown in the 

illustrated system. The analysis system may exchange interrogation 221 and 
interrogation result signals 222 with the solution in the electroless electrolyte solution 
supply line. The analysis may measure a quantity that is expected to change over time in 
the solution, such as color, particle content, or spectroscopic absorption at a particular 
wavelength. This analysis may be used to assess and verify suitability of the solution and 
facilitate quality control. 

[0037] The solution in the electroless electrolyte solution supply line may be 

provided to a second fluid combination device, such as a reducing agent introduction tee 
225. Then, often at a time proximate to the providing of this solution, a reducing agent or 
solution thereof may be provided to the reducing agent introduction tee via a reducing 
agent supply line 231. The second tee may combine the solutions and often mix them. 
Then the tee may provide the resultant completed electroless deposition solution to the 
electroless deposition process 235, via an intervening electroless deposition solution 
supply line 226. 

IV. EXPERIMENTAL RESULTS 

[0038] Figure 3 is a plot of spectroscopic absorption data for three electroless 

elctrolyte solutions on the y-axis versus age of the solutions in days on the x-axis, 
according to one embodiment of the invention. A first solution was prepared as 
described in Example 1 and contains a subset omitting tetramethylammonium hydroxide 
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(TMAH). A second solution was prepared as described in Example 2 and contains a 
subset omitting ammonium chloride (NH4CI). A third solution was prepared similar to 
the first solution, except that instead of omitting TMAH, a sufficient amount of TMAH 
was included to adjust the pH to approximately 10. Accordingly the third solution 
contains the entire group. 

[0039] Spectroscopic absorptions for the first, second, and third solutions are 

indicated by the lines marked respectively with open triangles (A), open circles (O), and 
solid squares (■). The absorption data reflect maximum absorptions for the three 
solutions measured with an ultraviolet- visible spectrometer at a wavelength in the range 
of approximately 510-530 nanometers (nm). At day zero the absorption for the first 
solution was approximately 0.4 and for the second and third solutions was approximately 
1. The differences is due to difference in compositions. 

[0040] Over the twenty-day period, the absorption for the first and the second 

solutions remained substantially constant, whereas the absorption of the third solution 
changed significantly. As shown, the lines representing absorption for the first (A) and 
the second solutions (O) remained substantially flat, or horizontal, indicating a 
substantially invariant absorption behavior. The substantial constancy in the absorptions 
of the second and the third solutions indicates reduced chemical reactions and relative 
chemical stability. These experiments indicate that the incomplete electroless deposition 
solutions of Examples 1 and 2 may be stored for up to a month, or longer, with almost 
no change in color, particle content, or spectroscopic absorption. 

[0041] In contrast, the line representing the third solution (■) steadily increased in 

y- value from an initial value of approximately 1 to a final value on day twenty of 
approximately 2.5. This significant increase in the absorption — about 250% — is 
indicative of significant transformation of the solution due to chemical reactions. Over 
the twenty-day period the color of the third solution changed and minute particles 
formed. No such color change or particle formation was observed in the first and second 
solutions. These experimental results are believed to indicate relative chemical stability 
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in the first and second solutions, according to an embodiment of the invention, compared 
to the third solution. 

[0042] In the description above, for the purposes of explanation, numerous 

specific details are set forth in order to provide a thorough understanding of the present 
invention. It will be apparent, however, to one skilled in the art that the present invention 
can be practiced without some of these specific details. In other instances, well-known 
structures, devices, and techniques have been shown in block diagram form or without 
detail in order not to obscure the understanding of this description 

[0043] Many of the methods are described in their most basic form, but 

operations can be added to or deleted from any of the methods. It will be apparent to 
those skilled in the art that many further modifications and adaptations can be made. The 
particular embodiments are not provided to limit the invention but to illustrate it. The 
scope of the present invention is not to be determined by the specific examples provided 
above but only by the claims below. 

[0044] It should also be appreciated that reference throughout this specification to 

"one embodiment" or "an embodiment" means that a particular feature can be included in 
the practice of the invention. Similarly, it should be appreciated that in the foregoing 
description of exemplary embodiments of the invention, various features of the invention 
are sometimes grouped together in a single embodiment, Figure, or description thereof 
for the purpose of streamlining the disclosure and aiding in the understanding of one or 
more of the various inventive aspects. This method of disclosure, however, is not to be 
interpreted as reflecting an intention that the claimed invention requires more features 
than are expressly recited in each claim. Rather, as the following claims reflect, 
inventive aspects lie in less than all features of a single foregoing disclosed embodiment. 
Thus, the claims following the Detailed Description are hereby expressly incorporated 
into this Detailed Description, with each claim standing on its own as a separate 
embodiment of this invention. 
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